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o] YAug TV ¥4l MAC (Multiplexed Analog Components) #2]el AZelA G4 A5 B
S AAE= 1C (Integrated Circuits)E AAISte] 4A ASIC (Application Specific IC) 2.2 F-&E3FA
t} "8z o] &5 (descrambling), ANEE wWao= Qr&E# Frgl A} Alge] B9 D/A (Digtal to
Analog) W3S £3 A9 HeYHFe 7158 ¥t A wWae® VHDL (VHSIC Hardware
Description Language)& ¢|-83te] HA 71%& 2o A¥He Fol =elehd g o] &sidch = ¢ A
A szl wEE FULE AR EF¥Hshs tAg B3t "HElE polyphase %2 CSD (Canonic
Signed Digit) AlFE olgsta] 1hagt shudolz TSIt 1.0 im CMOS gate array 48 0|43}
160 pin QFP package® AZErt. IMS testerE o] &ste] F2h& FHelalgir).

Abstract

A video signal processing integrated circuit for the decoding of television signal encoded
with MAC (Multiplexed Analog Components) specification is designed and fabricated. This chip
conducts descrambling, recovery of time-multiplexed components, and lowpass filtering of
luminance and chrominance signals. The whole function is described in VHDL (VHSIC
Hardware Description Language) for simulation. and then the design is converted o logic
level by using a logic synthesis software. Digital oversampling filters which interpolate
luminance and chrominance signals by 1.5 times are implemented in a reduced chip area by
employing the polyphase filter architecture and CSD (Canonic Signed Digit) filter coefficients.
This chip is fabricated using 1.0 gm CMOS gate array. The function of the IC has been verified
using an [IMS tester.
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4 A¥3 (time-multiplexing)dted Hule EX&
A ek U dlolel Hgape] B D2-MAC W
Ale] 735 Aol Hagh dHFo] oF 8§ MHz A==
vwA Foroa {4l ukb 3)A1S o] 4% 4 Q. 3
o) sfakxel Fgtaia] B o 4:39) 398 (aspect
ratio) s 7M. $gsjakxr}l oF 700 pixel/line.
A E7t BlYd AL (interlaced scannning)
625 =}l (line)e]E& 7]&¢ NTSC (National
Television System Committee)x} PAL (Phase
Alternation by Line)ell Hlaj4 F9 3hleojetx
g = ot Fxel A ARE AREsiA A
oz Fub E3E o]88he NTSCH PALHMAKE
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% (audio)E ©lA"g #4] (14 bit resolution, 32
KHz sampling) 2.2 B4 4 9l& ¥t ohe}, ¥}
W (teletext)o|vt #&3} (encription) AR 59
o2 ofeirix] tzlg ARE o] v 5 glr}h {7
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=9]= " HD-MACHA o] D2-MACHA] el oJ2]
7HA} Al3sHE 7S 288k Zolch

D2-MAC Al32] B3slol= 7o de|el/&
2/%7] (data/clock/sync)®] B, 3= @ Aak 4)
39] descrambling % decompression, 4 41&2]
g}l 27} (line interpolation), 24 4139} dlo]e}
A1z¢] 25 A (error-correction) o] H83jc}
olol we} clock A (clock IC), ARz A
(video IC), dlele} B (control IC)E 3 A7)
2] ASIC (Application Specific Integrated
Circuits)o] 7=}
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Fig. 1. Block diagram of the MAC decod-
ing system.
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4] (micro—processor)ell 2J8) configuration chain
olgh= 7k 21e 541 (serial communication)ell
2Ja) Ajeisict.

Video IColAi= MAC ¥z S5 sc-
ramble¥ <34 41&5 A/D W#7] (converter)E
E3l 20.25 MHz9| 8 bit HA|& A139] e ubo}
£94], control ICeA FF3h= §7] Algel 2ol
descrambling® decompressions b Ugt V 4
A Alge v Eheled] WAeld §olexmg o] [CellA
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sk, ' gEn)E ubre] 3= panning® ¥ 4
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crambling& $% control word, 3= A&
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Sl FHx AldE 10125 MHz, AA Al
5.0625 MHz® &% %},
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D/A ¥W371E E3A2 o ol oY (transition
band)e] "¢ #-2 opdE 1 AHYFI " (analog
lowpass filter)7} HQsd}d v} 22|22 video
IC W4l =gl 7k (oversampling) & ¥+ &
HA7I9 D/A HEE Hell "a3k Fejr} 7hdsxickes
olge] alrd. Video ICH 355+ F9 F347})
20.25 MHze| P& vt 2 (video) AEEX ol
Fo] YA 7= Aol nlEAslc}, 1=l E Ak 4%
= 1.5 wg %23 FuE ¥4 20.25 MHz=,
AAF A E gk 1.5 w2 B4 10,125 MHzE &
ZFAzic) 210 wely w7l WEje) X2 discrete
domainelA] n/39] At £ (cut-off frequency)
E 2= A9E "y ¥ o] TEE CSD
(Canonic Signed Digit) Al 2123} 71%3} poly-
phase network-s o]-&3fo] 2h2- wido] 3F]xwe} A}
ASES Medd 5 gle oAY B HelE A
oy} (41150 (5]
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Fig. 2. Frame structure of the MAC signal.
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Fig. 3. (a) Line structure of the MAC signal (b). Line structure of the single-cut scrambled
MAC signal (c). Line structure of the double-cut scrambled MAC signal

SYNCIN, FRAMECNT, CUTGEN, INADDR,
CTRLDSCR, TEST. VCONF9] oA R oz FA
=] )t}

SYNCIN-Z control ICell4 &gl E7] A3E
S ol 3 YRy AE B AsE - e
]l -, = P - & A

=

FRAMECNTs= 7 bit 728 (counter)3 ztx
lem, A i Fella] szalg] 712 (frame counter)
2 ARg)

CUTGEN-= frame count %3 60 bit control
word% o]88] Z7]5te] (initialization word)%&
331, ©]718 seedit dlo] shift registerel exclu-
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Fig. 4. Block diagram of video signal processor.

AA cut-pointE Al4ksl7] $18F 16 bit serial data traction)-& &4, zelE ==] sllo} sk= sample
£ dojyict m) =HQ)ulr) A) ZrjudelE ¢lo) Eo) point?} RAM®| write address® AAgI}
AL, v Eeledly 16 FaEaint F2lkic) Scrambling& 3H% 3= 2% sample count 232,

INADDR2 PRBS generator?] £33} & ©iAl 586, 12832 713o% chrominance RAM3} lu-
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Fig. 5. Block diagram of descrambler circuit.

minance RAM®] write Aol AlzE xdshy,
double-cut®} Z-¢ 1287-Q, 582-P & AliksA]
sample count 226, 582-P, 578, 583, 1287-Q,
12830ll4 Ao Al Eo] v} Single-cutdl 7%
— 1287-P, 585-P5 AlAtsix] sample count 227,
585-P, 1287-P, 1283el4] A& =] g} AR
sample point®} ME 712E] (sample counter)?)
e vl A o)fdle] AAY Ao A5 E i
AAF =S PLAY 54 (address)E vH &}

RAM®] write addressi= A4FE A12F 42 9o
= F 7REHE S 7 bR At 4]
b F4z scramblingd 34 =AY 0ola,
double-cut®] %% chrominance RAM& [47 +
cut-point ], luminance RAM=S [93 + (2 *
cut-point) ] & A4FEH single-cut®] A=
chrominance RAM®F [47 + cut-point ] & AAF
S2i=

CTRLDSCR-Z descrambler 3] &% scrambling
uhol] wie} AA"s) Alojsly] &k PLAS 1 F4E
HEYA)7)s 2] Zoje) v 24le) Ao A dlole}

7} Bl E]lelle PLAS 45 A% s1eE 2y
B wolEolx] cut-point®} RAMS] A3k F4 &
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Aikslz] 213 Ae] MBS AT, AA B e
AlZ7) 5418 dl= INADDReA] A% 71889} 1)
wate] 7R wjuic) Folehs sReEY) S F4w
o5 RAM2| write Aol Al 559 WA zIc)
PLA® F4= & 2 bitE 243°22% scrambling
upi-g che] & = gl

VCONF+= Service Identification 32 video
S dR ARl FEoly
scrambling®® panning o3%-% o} F-Eo) o
F=th SC1SC07F 009w double-cut. 10d o
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panninge| =4 3%}
2. RAM controller 3|2
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TFA=e] glel,
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W A E5e] COMPSYNC Algel tigh Arf=al 7
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I3 6. RAM controller 3229 A4
Fig. 6. Block diagram of RAM controller circuit.

AARME 2ARTh o] A2 VIDEOEN Al3E %
de 4% HA2E (register) 5 E3] LUMEN,
COLEN AlZe] F 79 A3z 2454 s34
MUXE 53 %EF— ke x)dE 8o «go
24 o]Foid 5= qlch
LUMOUTCTRLAA = 2 bit 7F-E1E o]ga}e].
LUMEN Al&7} Eoigked 3w Als 23] 135
MHz, panninge 3h= %% 10.125 MHz&2 9
UEE luminance RAM®] read address #l|ei3}
© AZE P vl 23S EYsof k=
AlAElA LUMENe] HIGH?} 9, AHZ$ Alat &=
A5 ol Bola F F Fo A} oA ¥
F2 Foll ZTHIT T4 7HeE Alle] 41358
AL, ol2iRE Wi o2 A7) hAe] dAElA] of
< 20.25 MHzelld 2:19] AF 2448 zZ+= 135
MHz 248 42 4 2ok LUMENe] LOW7} =9
YBLKSTRBZ} HIGH”} %4 black leveloll )33}
= £4% Wl £ QA o
COLOUTCTRLeIA+= COLEN 4137} Soighew
A4} 413 EHo)] 6.75 MHz, panning& 3= 75
5.0625 MHz7} %% chrominance RAMY read
address® Alotsh= A& A} 3 Fabof &
A 7 REE SVHAA 6.75 MHz 288 o
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+t}. COLEN®]} LOW7} ﬂ“’ COLBLANK~”} LOW
7} EA

LUMRAMCTRLS °1‘~ ]umlnance RAMoM ¢
I Z ZRIAE Ao} &4 2lex] #H: wlglel
Awt FEspd = descrambler Fiol| A whgA)zl
LUMWE Al&Zell 2o} write enable A1&2 Jiw
A}

COLRAMCTRL® ©}*= chrominance RAM®9IA]
AT & ZARE Aot 44k alzo] o= W
Zobd] Eole= UL V A5 Bke 1?%%1101: 817]
tel], 245 RAME Eobbaa 23] 9= RAME
25 RAME Al vox] ol 2185l Moﬂ o}
2} 2z ¢Jojol el o)F 98] 2 bit FFSEIT} AF
4= B3t decoder 37} Boj7i},

OUTADDR+- RAM®] read addressZ A7)
< §°ltt. LUMOUTCTRL# COLOUTCTRL®
Al 9AAAL increase?)t load AEE AREdl] 7)S-

B5e FAloes s 74]46}5’ panning<
dh= %9 panningE AAshe FARE (YA 5
slch.

3. vt A3 &Y 3w

RAMellM 912 <44} AEE o2 Z2x)7) ¥

FowA 18 73 o) LUM OUT, COL OUT,
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Fig. 7. Block diagram of video signal output circuit.

LUMFILT, COLFILT, FILTSEL®] tiil H3og
T =e) glrt,

LUM_OUT¢ luminance RAMOo &% ol
dolels &3 Fulgol wie] rur] 913 3 R2o)
t} 20.25 MHzollA 2 2t 1 Sl dgolr] Al
2 dAF 71Fe] ophd 3= A3E 135 MHz &
o] F2bsle HRAEE SHAZeEn dA 717

< = 2898 9% 4 9dvt Blank 713 Stel=
control registerell U4HAA ¥ YBLACK AZE

WE WA ek

COLOUT M+ chrominance RAM 3 7H2%¥]
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COLBLANK 4137} LOWR "oz £35 1282
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B3] 9% "
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FILTSEL+= 3% A3} A4} Alge] wrkg He
o] EA-S Ad9sl7] $1%F configuration chaian o
e 0'd dis do3e] F& e, 'I'd de
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4. ¥t 57) AE iy 32

2lelo] w2 Aol E &y| $i8t LINE _PLASH A5
o o AelE 87| $13F SAMPLE_PLAE 14
COMPSYNC., HBLANK. VBLANKS®] ¥7] A&%
AAF] AL BiE] e [C Welx] 3 VIDEOEN

Byo Zel oi AlFE

PEERA o Aol Akl
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asle)z ZopAw ohg F49] PLA £38 5] 4l
32 4 2}

vt 2lel 712EE 004 62471 F7lsked),
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39| 2l WEE 3 2kl ukE zjo)7} olAl Hrt
SAMPLE PLAell+= HBLANK, VBLANK, COM-
PSYNC 13529 uj ejelelixe] z}8jo] Fof gl&dl
random logic2® F&sl7| $J3led VHDL codeZ
zpAdsle] Adslodr).

LINE_PLAol+= #3-& wiylol & =jql HEF]
o] gjr}. 1 7l WE 1, 3, 4, 6, 22, 23, 24,
310, 311, 313, 314, 316. 318, 319, 334. 335,
336, 337, 622, 623, 624, 0 Solc}.

5. ¥=s} ‘-ﬂ” A%z 4738 RAM

o]5 RAMS- 5"101] Y 2= AT 7] HE
°ﬂ mgle'porti TRl Al 1Y Fael Y

= TEStAL )1 dloletel 29 djoleks it
7] $l§¥ MUX 327} dg3le} F2e} qfH dlolgt
= 7o) RAMeNA & 3 AR 2B S AHA ANS

i*
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V. CIXIg 27F e el MA

1. B7F Fejo] A ALk

13.5 MHzZ X823} (sampling)d 3% AlZE
20.5 MHzz 1.5 # ®zlslel £34A17)7] 9]alri=,
13.5 MHz® Al&% 40.5 MHz®Z up-samplingdt
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e} up-sampling ¥ 3IT Al32] gZo] 56
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Fig. 8. Frequency characteristics of
oversampling filter for luminance.
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Fig. 9. Input output relation of time-vary-
ing digital system.
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Fig. 10. Frequency characteristics of the

designed FIR filter.
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Fig. 11. CSD multiplier.
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Fig. 12. Block diagram of the FIR filter for luminance signal.
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